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Quality Engineering  |  Valued Relationships 

 

 
 
TREK Geotechnical Inc. (TREK) is a Manitoba-owned company that has an established reputation as a leading earth and 
water engineering consultant in the Winnipeg area, the Province of Manitoba and various other Provinces including Canada’s 
north. Since our inception in 2010, TREK has grown from three founding partners to an ownership team of 7 practicing 
engineers, and a staff of 40 employees including registered engineers, engineering interns, technicians and support staff. 
TREK’s key clients include commercial and industrial developers, engineering consultants and public infrastructure and 
power generation agencies.  Our guiding principle of offering technically sound, balanced engineering with a focus on long-
term client relationships has been the foundation of our success.   
 
Our core services include geotechnical engineering, water resource engineering, environmental engineering and materials 
and field testing. TREK operates CCIL certified laboratories in Winnipeg and Brandon, Manitoba and our services include 
soils, concrete, and asphalt testing. We also operate an advanced soils laboratory that includes triaxial testing, 1-D 
consolidation testing and flexible walled permeameter testing. Our focus on every project is to obtain quality data to 
adequately quantify uncertainty and risk, as necessary based on the scale and complexity of the project.   
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KEYNOTE SPEAKERS 

“The most precious thing  
    I have to give is my time.” 

- Silvia Hartmann 
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H E I N R I C H  H E I N Z  
 

Heinrich K. Heinz, PhD, PEng, FEIC is a graduate of 
the Universities of São Paulo and Alberta, with a 
professional life spanning 40 years in Brazil, 
Germany, and Canada. Throughout his 
distinguished career, he has specialized in the 
geotechnical aspects of underground 
construction in urban areas, providing technical 
expertise on numerous projects involving deep 
excavations and tunnelling for utility and 
transportation applications. He joined Thurber 
Engineering in Calgary in 1995, where he worked 
as a project and review engineer on a wide variety 
of projects in Canada and abroad, including expert 

witness and forensic assignments. He served as Thurber’s Managing Director from 2008 to 2015, 
when he retired from full-time work to become a consultant specializing in tunnelling and 
trenchless technologies. Heinrich is currently Canada’s representative in the ITA-AITES Working 
Group on Conventional Tunnelling and the Chair of the CGS Heritage Committee. He has long 
believed in the value of preserving our profession’s history and in the importance of learning from 
the past. 
 

M A T T H I A S  J A K O B  
 

Matthias has a Ph.D. in Geography and Postdoc in Geology from 
the University of British Columbia. He has worked for different 
consulting companies and is now a principal geoscientist at 
BGC Engineering in Vancouver. His work revolves largely around 
landslide hazard and risk assessments for communities, 
railways, highways, pipelines, and mines. He is the co-author of 
the EGBC landslide and flood guidelines. Matthias has worked 
on several hundred consulting projects worldwide and is 
increasingly involved in expert witness assignments. He is also 
the author of some 100 peer reviewed publications in journals, 
conference proceedings and book chapters. Currently, his pet 
project is the development of a new scale to classify 
atmospheric rivers and determine their effects on landslides 
and geomorphic floods. 
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P O O N E H  M A G H O U L  
 

Dr. Pooneh Maghoul is an Associate Professor of Civil 
Engineering at Polytechnique Montréal. She holds an MSc 
(2007) and a PhD (2010) from École des Ponts ParisTech. 
Dr. Maghoul is an expert in the field of multiscale 
poromechanics for complex materials and processing, 
energy and environment, and biomechanics. Her 
research focuses primarily on sustainable development 
by developing cutting-edge systems and methods related 
to the performance analysis of subsurface systems 
subject to complex loading within a multi-hazard context. 
This includes infrastructure which is resilient to climate 
change and geohazards on Earth and harsh environments 
in Space (low gravity conditions). These poromechanics-

centered research programs deal with natural- and human-induced hazards, permafrost 
engineering, smart mining, self-healing geosystems, geo-structural health monitoring, non-
destructive testing, emergency preparedness, energy geostructures, geotechnical earthquake 
engineering and ground vibration, as well as bio-inspired self-burrowing (soft) robotics, bio-
inspired subsurface sensing, and In-Situ Resource Utilization (ISRU) on the Moon and beyond. 
 

S H E L B Y  Y E E  
 

Shelby Yee is the CEO and Co-Founder of RockMass 
Technologies, a mining and geosciences technology startup. 

Since founding RockMass in 2016, Shelby has grown the 
company from a PhD thesis to a cloud-based mapping and 
data capture solution for geologists and geotechnical 
engineers in underground mines. The company is rapidly 
growing and currently services clients across 4 continents. 
RockMass's team is at gender parity and has significant 
BIPOC representation with over 25 people and counting. 

Shelby was born in Winnipeg and has lived in a variety of 
places including Vermont, Kingston, Toronto, Calgary, 
Shenzhen China, Singapore, and Vancouver. 

Shelby was selected as one of Forbes 30 Under 30 in 2020. 
She is a Geological Engineering alumnus of Queen’s 
University. In her spare time, you can find Shelby skiing, 
mountain biking, or trail running. 
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I A N  M O O R E  
 

Trained in Australia, Dr Moore has been Canada Research Chair 
in Infrastructure Engineering at Queen’s University since 2001. 
His more than 300 publications examine conventional and 
trenchless construction of new and deteriorated water, sewer, 
and energy pipelines, and have underpinned dozens of 
contributions to North American and other international codes 
of buried pipe design practice. Research includes work 
clarifying the strength of new and deteriorated pipes, 
contributions to behaviour of pipe liners, pipes pulled into 
place using slip lining, pipe bursting and horizontal directional 
drilling, and studies of onshore and offshore oil and gas 
pipelines. Ian’s studies combine analysis of soil-pipe 
interaction, and use of the world’s most capable with his 
colleagues at Queen’s. Ian was the founding Director of the 
GeoEngineering Centre at Queen's - RMC and served in that 

role from 2002 to 2018 when he was appointed Head of the Department of Civil Engineering at 
Queen's. 

Recognition for Dr Moore's work includes best paper awards from the ASCE, CGS, CSCE, ICE and 
NASTT, research and professional service medals from the Engineering Institute of Canada, the 
International Association of Computer Methods and Advances in Geomechanics, and Professional 
Engineers of Ontario, Fellowships in the Canadian Academy of Engineering and other learned 
societies, and dozens of Keynote and named Lectures. Ian served as Editor of the Canadian 
Geotechnical Journal from 2007 to 2018, and is currently serving a two year term as President of the 
Canadian Geotechnical Society. 
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FACES OF THE FUTURE 

“Never doubt that a small group of thoughtful committed 
citizens can change the world:  

indeed, it’s the only thing that ever has.” 

– Margaret Mead 
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BGC Engineering Inc. 
 

 
Hugh Gillen 

Englobe Corporation 
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Josephine Morgenroth 

York University 
 

 
Katrina Morgenroth 

Stantec Consulting Ltd. 
 

 
Jesse Mysiorek 

Clifton Engineering Group Inc. 
 

 
Hamza Nadeem 

BGC Engineering Inc. 
 

 
Silvia Nobre 

University of Manitoba 
 

 
Susanne Ouellet 

University of Calgary 
 

 
Mandeep Pandey 

University of Calgary 

 
Jack Park 

Queen's University 

 
Anna Pekinasova 

University of Calgary 



CGS Young Professional Conference 2022 
Banff, Alberta  | September 29 to October 1 

 

20 
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University of Manitoba 
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BGC Engineering Inc. 
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University of Manitoba 
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Will Smith 

BGC Engineering Inc. 

 
Robyn Starycki 

TREK Geotechnical Inc. 
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DELEGATE ABSTRACTS 

“Projects we have completed demonstrate what we know 
– future projects decide what we will learn.” 

– Dr. Mohsin Tiwana 
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ENGINEERING IN DESIGN BUILD PROJECTS: 

A CALL FOR ADAPTIVE ENGINEERING 

Jordan Antunes 

Geotechnical Engineer, Clifton Engineering Group 

Abstract: 
The practice of Engineering is defined by due diligence, process, innovation, and collaboration. Design-build 
projects typically require engineers of multiple disciplines to work hand-in-hand. Engineering on design-build 
projects must define the best design solution to match pre-conceived construction schedules and the constraints 
associated with a pre-selected site, while working with a contractor who has assumed all risk for the project (and 
is looking for any way to save money), as opposed to delivering the best engineering design. With tight timelines 
and a tight design schedule, the engineers must traverse a complex path while they balance efficiency and due 
diligence. In a design-build, young professionals are often tasked with working in an environment that will push 
them outside of their comfort zone and are asked to meet an ever-changing scope and fluid deadlines. Young 
professionals will find themselves pressured to conforming to the construction team’s methods and input, which 
can come at a risk of engineering integrity. Navigating the high pressure environments and fast paced engineering 
constraints of design build projects can be a struggle for young professionals and can have significant 
consequences. The presentation will seek to create discussion and offer guidance to navigate these projects. 
 
 
 
 
 

 

 

SLOPE INCLINOMETER DATA ANALYZER – ERRORS AND CORRECTION 
METHODS FOR BIAS SHIFT AND ROTATION ERRORS 

Nathalia Ardila 

Geotechnical EIT, Stantec Consulting Ltd. 

Abstract: 
Geotechnical instrumentation is critical to monitor the behavior of engineered structures (dams, embankments, 
pile walls, pit walls, excavations, etc.) and natural slopes (landslides). Slope inclinometers are globally accepted 
and widely used instruments that identify zones of movement and provide information on magnitudes and rates of 
movement. The slope inclinometer data may be manually or remotely recorded and forms a crucial piece of 
evidence for the geotechnical engineering assessment, design, and performance of the structure or natural feature. 
This data is also a critical input into long-term monitoring to safeguard individuals, the environment, and 
infrastructure resulting from geological and climactic hazards.   

Proper analysis of the raw data gathered by the slope inclinometer is imperative so that geotechnical engineers 
can make informed assessments Mathematical corrections must be used to account for tool, user-induced or 
installation errors that might result in incorrect assessment of the field conditions. This presentation/poster reviews 
the available information in the literature and provides a summary of relevant knowledge for 
geotechnical/geological engineers to analyze and correct field data recorded from slope inclinometers. 

  

CONFERENCE SEP. 29 – OCT. 1, 2022 BANFF, ALBERTA 



 

 

24 

LEVERAGING DIFFERENT SCALES OF 

MEASUREMENT TO CHARACTERIZE NATURAL 

AND EXCAVATED ROCK OUTCROPS 

Jonathan D. Aubertin 

Assistant Professor, École de Technologie Supérieure 

Abstract: 
Excavated rock surfaces present characteristic topographical features arising from both the excavation method 
and natural crystalline structure. The nature of these features implies a direct impact on excavation processes and 
the overall integrity of rock masses. In geosciences, the surface roughness of rock interfaces dictates rock mass 
strength and engineering guidelines for bearing capacity. In tunnel and mining projects, the roughness of 
excavated rock faces is a key indicator of blasting performance, dilution control, and expected wear on moving 
equipment. Measuring systematically and objectively surface roughness of rock faces is therefore important to 
evaluate site-specific geomechanical conditions and assess the performance of the overall excavation cycle.  

The scale at which surface roughness is measured is critical to properly capture the intended indicator. Small scale 
measurements relate to crystalline features and geomaterial flaws. By contract, large scale measurements reveal 
topographic information on artificial protrusions and fault systems at the excavation to regional scale. This poster 
and associated presentation briefly address scale-dependency in roughness measurements. Recent LiDAR-
assisted measurements and processing algorithms have been developed to systematically capture roughness 
measurements for a large range of measurable scales. Scale-dependent analysis based on the concept of fractals 
in geosciences is implemented to evaluate the performance of key mining processes such as blasting and scaling. 
The poster and presentation will briefly discuss recent advances towards defining transitional scales and 
associated implications of using small scale measurements to predict geomechanical behavior at large scale. 
Additional considerations are given to the nature of these transitional scales and how these reflect natural and 
artificially induced features. 
 

 

NUMERICAL EVALUATION OF GAS HYDRATE DISSOCIATION-INDUCED 
LANDSLIDES IN FINE-GRAINED SLOPES OF THE ARCTIC 

Sadra Azizi 

University of Calgary 

Abstract: 
Recent changes in the global climate have led to an increase in ocean bottom water temperature, with the highest 
increase observed in the Arctic region. Gas hydrate, which is an ice-like compound that exists under certain 
pressure and temperature conditions, is readily found within the sediments of this region. The increase in ocean 
bottom temperatures may lead to the dissociation of hydrate that can increase the volume of water and gas in the 
sediment, which for undrained conditions may result in an increase in pore pressure and reduction in effective 
stress that may lead to soil instability. In addition, in fine-grained soils that are typical of shallow marine sediments 
in the Arctic, the presence of gas hydrates can carry a significant component of the overburden stress during 
sedimentation thus leading to the sediments being under-consolidated. Therefore, if hydrate dissociation occurs, 
significant reduction in sediment strength may also occur.   

Investigations into the causes of past submarine landslides suggest a likely correlation between the dissociation 
of hydrates and occurrence of sediment failure. Therefore, an urgent need exists to investigate the link between 
ocean warming, hydrate dissociation and sediment instability. In this paper, a coupled thermo-hydro-mechanical 
(T-H-M) finite difference framework was developed using FLAC 2D to investigate the impact of gas hydrate 
dissociation induced by ocean bottom warming on the stability of a generalized submarine slope where gas hydrate 
is present within a fine-grained soil layer. The numerical simulations capture the underlying physical processes 
associated with hydrate dissociation including, thermal conduction, changes in sediment strength, excess pore 
pressure generation and subsequent pressure diffusion. The results highlight the influence of hydrate dissociation 
on the mechanical behavior of fine-grained sediments and offer a better assessment of the potential role of hydrate 
dissociation on the initiation of submarine landslides. 
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PILE WALL STABILIZATION OF ACTIVE 

LANDSLIDE IN SASKATCHEWAN 

Kyle Bruce 

Geotechnical Engineer, Thurber Engineering Ltd. 

Abstract: 
An active landslide is currently impacting Highway 369 in eastern Saskatchewan. The site is located about 70 km 
east of Yorkton, Saskatchewan, along the south valley slope of the Lake of the Prairies. The highway has been 
closed to the public since June 2021 due to on-going slope movements, which have resulted in an approximate 2 
m to 3 m scarp forming along the eastern edge of the road surface. Remediation of the landslide is required to re-
open the highway in a timely manner. The scope of work included a desktop study and a geotechnical investigation 
(included an aerial LiDAR survey, drilling, and installation and monitoring of geotechnical instrumentation). An 
engineering assessment was then completed, which included an evaluation of various stabilization methods and 
detailed design of the preferred option.  

The subsurface conditions encountered during drilling consisted of a layer of colluvial high plastic clay to depths 
of about 4 m to 5.5 m underlain by sloping clay shale bedrock. Instrumentation data indicated the landslide was 
primarily occurring along the contact between the colluvium and bedrock. Remedial options considered included: 
a shear key, pile wall and realignment of the highway. Ultimately a concrete pile wall was selected based on 
schedule and risk of construction induced slope movements. Detailed analyses of the pile wall were completed 
using both Limit Equilibrium and Finite Element software. This paper will describe the remediation options selection 
process and provide detail on the design of the selected option. 
 
 

 

HIGHWAY 914-03 SUBSURFACE DRAINAGE PIPE PROJECT 

Riley Cannon 

Geotechnical Engineer-In-Training, SNC-Lavalin Group Inc. 

Abstract: 
SNC-Lavalin was contracted to complete a geotechnical investigation, engineering design, and construction 
QA/QC supervision for the implementation of a protective measure for an ongoing failure along a northern 
Saskatchewan highway. The Project Site is located in the Northern Administration District along Highway 914, 
which is an unpaved provincial highway and the primary road access to the McArthur River and Key Lake Uranium 
Mines. A river bend in the nearby Haultain River has continually been eroding due to a combination of uniform 
sandy soils, high groundwater in area, as well as approximately 10 m steep, 1.75H:1V side slopes at the river 
bank. The river bank erosion advanced to be within 40 liner meters of the highway and threatened to overtake the 
road in the future.   

A geotechnical investigation program was completed which resulted in the design selection of a 600 m subsurface 
perforated water collection pipe. The subsurface collection pipe was installed adjacent to the highway which 
effectively lowers the groundwater table to the approximate river elevation in order mitigate sloughing and 
undercutting on the river bank side slope. The collected water is diverted away from the area of concern via a 190 
m solid subsurface pipe which discharges the flow to a constructed swale in a naturally low-lying area. A significant 
well point dewatering system was required during installation with over 2000 dewatering wells being installed in 
order to safely and efficiently construct the pipe system. Upon completion of the construction, the collection system 
has been successfully minimizing erosion by diverting a flow of up to 300 USGPM. 
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THE POWER OF SIMPLE NUMERICAL 

MODELS: FROM COMPLEXITY TO CLARITY 

Vincent Castonguay 

Research Engineer, Seequent 

Abstract: 
Numerical modelling is a very powerful tool to help solve complex, as well as, simple engineering problems. 
Numerical packages such as PLAXIS, FLAC, and GeoStudio are nowadays routinely used in geotechnical 
engineering consulting firms. Young geotechnical engineers (YGE) are often tasked within their company to 
perform numerical analyses, given how potent they generally are with newer technologies. However, the numerical 
world contains many pitfalls and traps YGE should avoid to be successful in these endeavors. Some/most of the 
YGE often lack proper training in numerical methods to properly grasp the complexity of even the most basic 
numerical simulations.   

The best advice a YGE can receive when contemplating how to solve an engineering problem using numerical 
tools is to start simple. Too often, we see YGE try to use numerical tools to their full potential by adding layers 
upon layers of details, while they forget to take care of the basics. This is a recipe for disaster. A good numerical 
model should adhere to six basic steps: 1) conceptualizing the problem; 2) choosing the appropriate physics; 3) 
choosing and parameterizing appropriate constitutive laws; 4) defining the boundary conditions; 5) reviewing the 
finite element mesh; 6) solving and verifying the results. Once a basic numerical model is created following these 
steps, the adventuring YGE can slowly add complexity to the model to better capture the intricacies of the 
engineering problem they have to solve. 
 
 

 

EXPLORING THE USE OF WAVE SENSORS ON A PRE-RESERVOIR HEADPOND 
AT THE SITE C CLEAN ENERGY PROJECT, FORT ST. JOHN, BC 

Beatrice Collier-Pandya 

University of British Columbia  

Abstract: 
With the world transitioning to more renewable sources of energy, hydroelectric power projects are gaining traction 
globally. With these new projects comes consideration of geohazard impacts including flooding, erosion, 
landslides, and landslide-generated waves. Shoreline erosion, in particular, is a challenging hazard to predict on 
reservoirs as the area subjected to the hazard has generally not been influenced by shoreline processes in the 
recent past. Reservoirs also pose the additional challenge of fluctuating water levels that are controlled by the dam 
operations rather than natural processes.  

The Site C Clean Energy Project is a new dam and hydroelectric generating station that is currently being 
constructed by BC Hydro on the Peace River in northeastern British Columbia, near the city of Fort St. John. The 
Site C dam will be approximately 60 m high and will create a reservoir approximately 83 km long and, on average, 
two to three times the width of the current river. The changing conditions caused by the impoundment of the new 
reservoir are expected to pose risks to public safety, land use, and infrastructure in the area.   

Research is underway to improve our ability to accurately predict shoreline erosion rates at Site C and other 
reservoirs by monitoring shoreline conditions during the current phase of dam construction, where a headpond 
has been temporarily impounded upstream of the dam site. To improve our understanding of the wind-generated 
waves impacting the shoreline, four wave sensors have been deployed at two locations in the headpond. The 
research team has faced several challenges in deploying the sensors in an environment that still experiences 
debris transport and variable currents. This presentation will explore these challenges, present preliminary results, 
and discuss future uses of the wave sensors on hydroelectric reservoirs. 
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GROUND IMPROVEMENT FOR REDUCING 

SECONDARY COMPRESSION IN PEAT AND 

ORGANIC SILTS – TORONTO PORT LANDS 

Sulaiman Dawood 

Senior Geotechnical Engineer, WSP Canada 

Abstract: 
The Toronto Port Lands is a 350-hectare property situated at the mouth of the Don River on the banks of Lake 
Ontario, created by hydraulic sand emplacement. Due to the historically ports-related land use, mostly for industrial 
storage of goods including bulk oil, coal and salt, environmental impacts to soil and groundwater are widespread. 
As part of the Port Lands redevelopment: the Don River is being naturalized creating a new Island (Villiers Island); 
municipal roads and utilities are being upgraded; parklands and other supporting upgrades are being undertaken 
to facilitate new development within the precinct which is currently sterile due to regional flood lines rising to the 
existing grades. This $1.25 Billion redevelopment undertaking, spearheaded by Waterfront Toronto, is being 
constructed with municipal roadways raised up to 4 m above previous existing road grades.   

Significant thicknesses of peat and organic silts exists below surficial granular fills. The peat and organic silt layers 
overlie sands and silts over bedrock. The depth to bedrock varies significantly across the site due to the presence 
of a deep valley feature (Laurentian Valley) where deeper organic deposits typically exist. The presence of the 
organic-rich deposits and their secondary compression characteristics were taken into consideration for the design 
of ground improvement approaches. The ground improvement methods adopted were based on the subsurface 
conditions, design grade raise(s), proposed infrastructure and other design constraints. Portions of the site where 
thinner organic layers exist were improved using conventional preload/surcharge methods using surcharges of 1 
m to 2.5 m in thickness over durations of 4 to 9 months. Areas with significant peat or organic silt deposits were 
improved using a grid of rigid inclusions supporting a load transfer platform. Other settlement mitigation measures 
include pile supported utilities and the use of lightweight fill. The poster presentation will provide an overview on 
the special geotechnical aspects of the roads and utilities designs and associated ground improvement 
requirements within the Port Lands. Commentary is provided on the achieved vs. predicted settlements during the 
preloading with surcharge process. 
 
 

 

POLYMER INJECTION IN CONCRETE FRACTURE FOR WATERPROOFING BASED 
ON HYDRAULIC IN SITU TESTS 

Khalil El Mekari  

Ph.D. Candidate, École de Technologie Supérieure 

Abstract: 
Water infiltrations in concrete tunnels causes important damages such as rebar corrosion and concrete 
delamination. To prevent or diminish those damages, polymer injection can be performed to seal the fracture. This 
poster presents a successful polymer injection in a concrete fracture based on hydraulic in situ tests. A hydraulic 
test was developed to establish the hydraulic characteristics of the fracture. It was performed in a tunnel concrete 
fracture sealed with a surface capping. The fracture was instrumented with multiple ports for injection or pressure 
measurements. The parameters that were varied include the injection pressure, injection volume, fluid viscosity 
and flow rate. A total of three water-glycerol mixtures were also used to verify the influence of viscosity on flow.  

The hydraulic conductivity of the fracture, the hydraulic aperture, the optimal injection volume and optimal injection 
time were established from the in-situ tests. The polymer used for the injection was polyurethane. Samples were 
then drilled to analyze its propagation. X-ray Computed Tomography (CT) scans were also performed on the 
samples to establish the aperture distribution of the fracture. 
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BANK SWALLOW (RIPERIA RIPERIA) NESTING 

HABITAT EROSION ASSESSMENT IN THE 

FUTURE SITE C RESERVOIR SHORELINE 

FOOTPRINT 

Colleen Fish 

BGC Engineering Inc. 

Abstract: 
The Bank Swallow (riperia riperia) is listed as a threatened species under the Species at Risk act in Canada. 
Suitable nesting habitat for Bank Swallows is steep, easily erodible slopes, where the exposed substrate material 
is refreshed over time by ongoing erosional processes. Bank swallow habitat has been mapped in the Peace River 
valley within the footprint of the future Site C reservoir.   

Due to upstream regulation, current erosion rates along this stretch of the Peace River are low. Reservoir filling 
will result in a significant increase in erosion along the shoreline. To understand the potential impacts of reservoir 
filling on bank swallow habitat, BGC characterized currently mapped habitats by material type and slope angle and 
estimated erosion rates in the different mapped shoreline materials pre and post-reservoir inundation. Baseline 
erosion rates to quantify pre-inundation modern peace river conditions were measured using available lidar data 
from 3 separate date vintages. Minimum and maximum post-inundation erosion rates along the future reservoir 
shoreline were estimated for different geological materials based on distances between the reservoir shoreline and 
a previously delineated 5-year beach line.  

A comparison between the steep slopes present above current river level, steep slopes that will be lost due to 
reservoir filling, and new steep slopes that will be created as a result of reservoir filling was undertaken. Based on 
these comparisons, and observations made during the current river diversion phase of the project, bank erosion is 
expected to occur immediately after reservoir filing and subsequent erosion is expected to create more suitable 
habitat than is lost to reservoir filling, resulting in a favourable outcome for nesting habitat availability. 
 
 

 

COMPARISON OF DIFFERENT FIELD TEST METHODS TO ASSESS HYDRAULIC 
CONDUCTIVITY 

Hugh Gillen   
Geotechnical Engineer, Englobe Corporation 

Abstract: 
Hydraulic conductivity of geological materials is a key parameter used for construction dewatering design 
applications and contaminant migration evaluations. Different field test methods involving monitoring wells were 
used to assess hydraulic conductivity including: the instantaneous insertion/injection or withdrawal of a solid slug, 
a specified volume of water, and a pneumatic slug; groundwater lowering and recovery during groundwater purging 
and sampling; and short-duration single well pumping tests. The groundwater response to these tests in each 
monitoring well was evaluated by applying the analytical solution by Bouwer and Rice (1976) to estimate the 
hydraulic conductivity values.  

The measurements of hydraulic conductivity obtained by each of the different field measurement techniques were 
analyzed using statistical techniques such as normal and log-normal frequency distributions to identify trends in 
the data. We also compared the hydraulic conductivity results from the various field test methods to evaluate the 
effect of soil material heterogeneity on the estimated range of hydraulic conductivity values. The study results 
showed a large range of values of hydraulic conductivity from the different field test methods. Such variability is 
potentially associated with parameters such as skin effect, well filter pack design, and well filter pack permeability 
versus the permeability of the surrounding formation. The study helped to identify the pros and cons of each field 
test method and yielded recommendations for the selection of appropriate field test methods depending on the 
end-use.  
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FOUNDATION LOAD TESTING METHODS TO 

OPTIMIZE PROJECT DESIGN 

Lucas Green 

Geotechnical Engineer in Training, Thurber Engineering Ltd. 

Abstract: 
There are various methods available to optimize the deep foundation designs for industrial and commercial 
projects. Static load testing is one method for determining the resistance of pile foundation elements on projects. 
Due to the setup time and cost, clients may not have the budget or schedule for the tests. Alternatively, High Strain 
Dynamic testing (PDA) could be used. At an industrial project near Redwater, Alberta, along the North 
Saskatchewan River, static pile compressive load tests were combined with PDA testing to provide driven steel 
foundation recommendations with increased confidence, along with higher recommended shaft and end bearing 
resistance. Information collected during the test pile field program was also used to provide recommendations for 
a QA program for the production piling phase of work.   

Concrete test piles were also load tested after an assessment of the pile integrity using both Thermal Integrity 
Profiling (TIP) and Low Strain Pile Integrity (PIT) testing. The results from the testing again served to increase the 
confidence in the recommended pile design parameters, allowing higher loads with an increased geotechnical 
resistance factor (GRF) used in the Limit State Design when compared with semi-empirical testing.   

In Canada, either a static pile load test, or PDA test will justify the application of a higher GRF, based on the 
Canadian Foundation Engineering Manual, compared to designs based on semi-empirical tests alone. The higher 
GRF used in design can provide substantial cost savings, considering higher factored resistance per pile, 
potentially meaning shorter lengths, smaller sizes, or fewer piles overall. 
 
 

 

THE ROLE OF GEOTECHNICAL INSTRUMENTATION IN RISK MITIGATION 

Savanna Herman  

Account Manager, Terra Insights 

Abstract: 
There is significant uncertainty in natural materials, as well as complexity and spatial variability across project 
areas. Even with the use of modern computer programs and modelling software, there is still a need to collect 
reliable and relevant measurements of soil and rock behavior as a method of risk management, to confirm 
analyses, verify design assumptions, and to support engineering interpretations and decisions. During 
investigation of sub-surface conditions at the design stage, monitoring the effects of construction activities as part 
of the construction control and safety plan, and monitoring the long-term performance of a structure throughout its 
lifetime, geotechnical instrumentation has a place in all stages of a construction project.  

Over recent years there has been a noticeable and progressive movement in the instrumentation and monitoring 
space, specifically towards the automation of instrumentation and the need for increased and continuous access 
to critical data. New advancements in the evolution of data acquisition technologies and wireless connectivity 
solutions have made it easier for decision-makers to receive actionable data from the site straight to their fingertips. 
Furthermore, other techniques and advanced technologies for mapping ground deformation, such as InSAR, are 
becoming more frequently implemented as complimentary or alternative solutions to traditional methods of 
monitoring field performance.   

Even with the wide range of tools available today, it is important to step back and critically assess exactly which 
technologies will provide the most useful and actionable data, and which will best fit the monitoring requirements 
of the project. This presentation aims to provide an overview of how geotechnical instrumentation and monitoring 
technologies can play a critical role in risk mitigation by taking a walk through the key components of a successful 
monitoring program.   
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ACOUSTIC AND OPTICAL STRUCTURAL 

INTERPRETATION – TELEVIEWER 

BOREHOLE LOGGING 

Micaela Matthews  

Junior Geological Engineer-in-Training, Terrane Geoscience Inc. 

Abstract: 
Televiewer surveys are a type of borehole survey which produce unwrapped images of a borehole wall that allow 
you to interpret structural data. The two surveys commonly used in structural data interpretation are acoustic (ATV) 
and optical (OTV). ATV survey tools emit ultrasonic pulses and then subsequently record the amplitude and travel 
time of the signals reflected off the borehole wall. OTV surveys use a high-resolution camera and LED lights which 
produce a 360° unwrapped digital image of the borehole.   

Structural data collected from ATV and OTV surveys provide the measurement of dip/dip direction, depth, and 
aperture of structural features in a borehole. Both survey probes have built-in orientation sensors incorporating a 
3-axis fluxgate magnetometer and 3 accelerometers that allow the images to be oriented to a global reference 
which allows for the determination of the azimuth and tilt of the hole. Structural features can be corrected from 
apparent to true dip/dip direction using azimuth and tilt in a logging software such as WellCADTM or GeoCADTM. 
These programs allow users to create borehole logs of the ATV/OTV survey data which can be used to interpret 
structural features such as joints, faults, contacts, etc.  Users can display survey data alongside the drill data (e.g., 
lithology, assay results) and can classify features based on importance (e.g., assay grade). Having experienced 
personnel complete the structural interpretation ensures higher confidence in data and eliminates redundant data 
that occurs with auto picking.   

Televiewers have advantages and disadvantages compared to oriented core logging. These surveys are a good 
alternative to oriented core logging but can also be used alongside the oriented core data as a QA/QC for structural 
measurements. This data is important in geotechnical analyses and structural models, so the main focus is on the 
benefit of these surveys and how factors that result in low-quality data when logging oriented core can be 
eliminated with televiewer surveys. 
 
 

 

HUMAN FACTORS AND HOW THEY IMPACT SAFETY IN GEOTECHNICAL 
ENGINEERING 

Daniel McLellan 

Associate/Geotechnical Engineer, Stantec Consulting Ltd. 

Abstract: 
As geotechnical engineers, we typically focus on technical issues when we strive to develop safe engineering 
solutions. When geotechnical projects experience safety issues or failure, the physical mechanisms of failure and 
physical factors involved are heavily scrutinized, which is understandable considering the technical background of 
engineers. In many cases, human factors are a large contributor to safety issues in engineering projects and these 
factors are intertwined with the physical factors. An increased emphasis on recognizing (and addressing) human 
factors is prudent to working towards minimizing the potential for future safety issues on geotechnical engineering 
projects.   

This presentation will provide a definition of human factors, including heuristic traps (mental shortcuts we utilize 
to make complex problems more manageable that can lead to flawed decision making) and cognitive biases 
(systematic patterns of deviation from the norm and/or rationality in judgment). Actions geotechnical engineers 
can implement to reduce the potential for human factors and strategies on how to avoid traps will be discussed. 
Human factors have been recognized to apply to other activities and industries including backcountry recreation. 
Geotechnical engineers can apply learnings from the studies of other industries where human factors resulted in 
unfortunate outcomes to our own projects.  
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AN APPROACH FOR EVALUATING 

PERMAFROST THAW SETTLEMENT POTENTIAL 

Zakieh Mohammadi 

University of Calgary 

Abstract: 
Permafrost covers approximately 40% of Canadian lands and provides support for infrastructure built in these 
regions. As climate warming continues to occur across the Canadian Arctic, thawing of the sensitive permafrost 
has the potential to negatively impact overlying infrastructure. Permafrost thaw induces ground instability with a 
potential loss of bearing capacity, severe subsidence, and/or slope instability. Identifying regions of Canada at risk 
of problematic thaw-settlement is essential for hazard and risk assessment, as well as for taking proactive 
measures during the design and construction phase to assure structural safety and serviceability. This study aims 
to develop a systematic approach for qualitatively identifying thaw settlement hazard at a general location by 
compiling existing literature, resources, and experimental data. This approach can be used for a desk study 
evaluation of thaw-settlement sensitivity on a regional scale with minimal effort. To develop the approach, 
influential parameters which define the physical response of the ground to thawing are identified and prioritized in 
a decision diagram based on their importance; this is followed by identifying potential resources and data for 
obtaining a value for each parameter. Ground ice content, permafrost characteristics, surficial deposit type, 
ecological characteristics, and projected air (or ground) temperatures are some of the possible influential variables, 
which are obtained from resources such as ground ice maps, permafrost maps, surficial geology maps, and climate 
models. Thus, the proposed approach instructs end-users on how to obtain the necessary data from identified 
resources and guides them through evaluation of permafrost thaw sensitivity of a specific location. 
 
 

 

PRACTICAL APPLICATIONS OF MACHINE LEARNING TO GEOTECHNICAL 
ENGINEERING 

Josephine Morgenroth 

Research Assistant, York University 

Abstract: 
Machine learning (ML) algorithms are emerging as powerful tools for forecasting complex and nuanced rock mass 
behaviour, particularly when large multivariate datasets are available. ML, and Artificial Neural Networks in 
particular, can process large volumes of data using several parallel systems of non-linear equations to extract 
correlations between inputs and the resulting rock mass deformation mechanics, without the constraints of 
constitutive equations or empirical frameworks. This capability poises ML as an invaluable addition to the 
geotechnical engineering toolbox to be integrated in many areas – from data synthesis, to automated numerical 
model calibration, to operational monitoring of assets.  

The research literature demonstrates that ML tools and processes from adjacent fields of geoscience, engineering, 
and applied sciences are well suited to be adapted for geotechnical engineering problems. In engineering practice, 
it is often difficult for geomechanical professionals to investigate all available data in detail. ML offers a solution to 
processing large volumes of data quickly and may uncover relationships that are not immediately evident when 
manually processing data. This presentation focuses on the practical development of ML for geotechnical 
problems, using two case study examples from underground rock engineering. The development of ML is 
discussed in terms of input data selection, algorithm complexity and generalizability, predictive performance 
evaluation, and practical engineering verification. Special consideration is given to determining input data 
requirements as well as pre-processing techniques for input data, as well as quantifying ML uncertainty using 
ensemble modelling techniques. The goal of this presentation is to illustrate that ML is not opaque and does not 
need to be overly complex in its application to be useful to practicing geotechnical engineers. 
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THE USE OF TELEVIEWER AND UAV 

SURVEYS TO MITIGATE RISKS IN 

GEOTECHNICAL INVESTIGATIONS 

Katrina Morgenroth 

Geotechnical Engineering Intern, Stantec Consulting Ltd. 

Abstract: 
This poster and presentation will discuss how televiewer and unmanned areal vehicle (UAV) surveys can be used to 
mitigate risks linked to geotechnical engineering design and ground investigations. Specifically, the advantages of 
televiewer surveys as a way to supplement rock core samples collected during a drilling program and how UAVs can aid 
when conducting site assessment and studying dangerous rock surfaces.  

The first case study involves an unlined water conveyance tunnel with some concerns about stability of the crown. 
Stantec conducted a geotechnical investigation which included Remote Controlled Vehicles (ROV), drilled boreholes, 
packer testing, as well as downhole geophysics (televiewer surveys). The use of ROVs for initial examinations of the 
conveyance tunnel allowed the engineering team to assess the current state of collapse without putting any personnel 
in the potentially unstable tunnel. Furthermore, the completion of televiewer surveys in the previously drilled boreholes 
provides additional engineering parameters to constrain rock mass characteristics and optimize the engineering design.  

The second case study explores the use of UAVs as an evaluation tool for historical sites where ground conditions are 
unpredictable and may not be stabilized in accordance with today’s engineering standards. The scenario showcases a 
historical quarry site which was abandoned at closure in working quarry condition with exposed, near-vertical rock cut 
faces, steep overburden cuts, blast rock embankments, and steep spoil piles. These site conditions make it extremely 
dangerous to have technicians on site at the base of quarry walls to map the rock surface and collect rock mass 
engineering parameters. UAVs can be used to take high-resolution photographs and 3D scans to determine preliminary 
site information and guide future investigative measures. 
 
 

 

INNOVATIVE METHODS OF REMOTE SENSING AND VIRTUAL/MIXED REALITY – 
THE FUTURE OF SITE CHARACTERIZATION 

Jesse Mysiorek 

Intermediate Engineering Geologist, Clifton Engineering Group Inc. 

Abstract: 
With computational technology continuously advancing, remote sensing (RS) techniques can acquire progressively 
larger datasets in engineering investigations. The need to efficiently store, model, interpret and, most importantly, 
communicate information is a challenging task. Over the last decade, there has been a significant increase in the use of 
Virtual Reality (VR) and Mixed Reality (MR) techniques in a wide range of disciplines; however, the applications within 
engineering and geoscience remain limited. Notwithstanding these advances, there is a continued need to develop new 
and effective RS and VR/MR approaches to apply throughout a project’s lifecycle.    

This presentation demonstrates the application of VR/MR in geotechnical data collection, analysis, and communication 
by integrating traditional field and RS data collected from different project sites. An innovative workflow using VR/MR 
integrated with field data, RS, GIS, and numerical modelling is presented for a wide range of surface and subsurface 
engineering projects.  

The presentation will focus on experiences gained through the Himalayan Mountains in Nepal and North America within 
the last several years. Examples of the VR/MR capability of effectively storing, interpreting, and communicating large 
quantities of 3D data will be discussed and will also present innovative VR/MR methods to conduct and compare 
discontinuity mapping on rock slopes, cost-effective aerial and terrestrial hand-held LiDAR, virtual terrain stability 
mapping, virtual core-logging, and recently developed 3D holographic rockfall modelling. It is vital to note that these new 
RS and VR/MR methods are meant to compliment traditional techniques and must be utilized in an integrated manner.  

Furthermore, the presentation will conclude with how young professionals can provide integrated field, RS, and VR/MR 
approaches that have potential to lead to a step-change in how future engineering investigations are conducted, 
communicated, and can be used for a wide range of engineering/geoscience projects throughout the industry.  
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THE EFFECT OF TEST CONDITIONS ON THE 

INDEX PROPERTIES OF RESIDUAL SOILS 

Hamza Nadeem  
Geotechnical Engineer, BGC Engineering Inc. 

Abstract: 
Variables in test methodologies such as oven temperature for moisture content testing can affect the tested 
properties of soils. While the effect of these variables is generally not significant for transported soils, residual soils 
are sensitive to changes in such conditions, and it may affect the properties determined as a result of these tests. 
This is related to the origin of residual soils, which involves slow in situ decomposition in a largely anaerobic 
environment, making them sensitive to conditions such as exposure to air.  

The purpose of this study is to compare the effects of test conditions on index properties, for residual soils 
encountered at a Tailings Facility in the Dominican Republic. The index testing was carried out at two lab facilities, 
and the test results under different conditions were compared. The results of the assessment were used to propose 
an overall standard methodology for index testing for residual soils encountered at the project site. 
 
 
 
 
 
 
 
 
 

 

PREDICTION OF GROUND VIBRATION FROM THE INSTALLATION OF STONE 

COLUMNS 

Silvia Nobre  

PhD Candidate, University of Manitoba 

Abstract: 
Stone columns are a versatile ground improvement technique that uses stones (rockfills) to replace some of the 
weak soil of the original ground. The performance of the stone columns for riverbank and embankment stabilization 
may be improved by densifying the rockfills. This densification may be done, for example, by vibrating pre-
embedded steel casings, while removing them from the column hole. Measure of the ground vibration and its 
impact on nearby structures are often given in terms of a parameter known as Peak Particle Velocity (PPV).  

Considering the number of interrelated variables that lead to ground vibration, the literature has not been able to 
provide a single relationship to predict PPV based on the vibratory source and ground conditions. Thus, guidelines 
worldwide use limiting values based on field-measured PPV. In the literature, the efforts to predict PPV are based 
on some empirical relationships that have been developed from limited case studies. As new studies are 
conducted, more data is added to the original studies, and the empirical formulas are adjusted accordingly.  

This research is focused on investigating the validity of two of the empirical formulas available in the literature for 
the vibration from the installation of stone columns. Thus, the installation of stone columns at a site in Manitoba 
(MB) was modeled in a finite element analysis software, calibrated against vibratory data recorded in the field. 
The PPVs from the calibrated models were analyzed against field data from the installation of stone columns at a 
site in British Columbia (BC), and then compared with the two empirical equations. Results show that the PPVs 
from the calibrated model from the MB site agree well with the trend of PPV over distance recorded at the BC 
site. However, the prediction equations from the literature underpredicted the values of PPV, so new empirical 
formulas are proposed. 
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DETECTING CHANGES IN SHEAR WAVE 

VELOCITIES USING AMBIENT NOISE: NEW 

INSIGHTS FOR TAILINGS DAM MONITORING 

Susanne Ouellet  

PhD Student, University of Calgary 

Abstract: 
Tailings dams are engineered structures necessary to retain the billions of tonnes of tailings (a waste by-product 
of mining) produced annually. Recent tailings dam failures have had devastating consequences, despite extensive 
monitoring and instrumentation installed. This research aims to advance tailings dam monitoring methods by 
applying an emerging geophysical technique known as ambient noise interferometry.   

We demonstrate that ambient noise interferometry is sensitive to changes in shear wave velocities at an active 
tailings dam site in northern Canada, and that these changes are highly correlated with changes in water levels 
at the nearby tailings pond. A stress-based model of changes in shear wave velocities was developed to validate 
the applied method. Ambient noise monitoring complements existing tailings dam monitoring techniques by 
detecting anomalies with greater spatial coverage at depth than conventional methods. We demonstrate how 
seismic cone penetration testing, used to inform the liquefaction potential of tailings, can be incorporated to 
constrain the model. The resulting model shows that expected shear wave velocity changes can be attributed to 
changes in pore pressure. Deviations between the model and the observations can be used to assess potential 
anomalies within the dam and improve monitoring of dam performance with greater spatiotemporal resolution 
than existing methods. These findings provide important insights to the global mining community, and could also 
be applied to monitoring other near-surface processes (e.g., permafrost, landslides). 
 
 

 

IMPACT OF HYDRATE FORMATION METHOD ON THE STRENGTH AND 
STIFFNESS OF LABORATORY SYNTHESIZED GAS-SATURATED HYDRATE-
BEARING SANDS 

Mandeep Pandey 

Ph.D. Candidate, University of Calgary 

Abstract: 
Determining the strength and stiffness of hydrate-bearing sands (HBS) is critical for evaluating the economic and 
safe recovery of methane gas from these deposits. Results from laboratory studies highlight significant scatter for 
the measured strength and stiffness, which may arise from the different hydrate formation methods that are 
adopted, different sands used, and applied effective stress conditions and hydrate saturations. In this paper we 
report the results of laboratory tests carried out on 4 HBS specimens with two different particle size distributions 
and utilizing two different hydrate formation methods.   

A specially designed triaxial apparatus that included a resonant column drive head was used to allow both small- 
and large-strain behavior of the specimen to be evaluated. Test conditions, such as temperature, gas consumption, 
resonance frequency, stresses, and strains, were recorded to fully investigate stiffness evolution during hydrate 
formation, and the strength of the specimens during shearing.  Results show that the formation method adopted 
in the laboratory significantly affects both the stiffness evolution (during hydrate formation) and peak strength at 
failure after formation. The results from this study will help improve our understanding of the relationship between 
laboratory synthesised HBS behavior and that observed for gas hydrate bearing reservoirs in nature, and will allow 
more robust evaluation of safe methane gas production from these reservoirs to meet our long-term energy needs. 
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STATE-OF-PRACTICE FOR SYNTHESIZING 

CLIMATE MODELLING DATA AND RISK-

BASED ESTIMATION OF GEOTECHNICAL 

PROPERTIES: A LITERATURE REVIEW 

Anna Pekinasova 

Ph.D. Candidate, University of Calgary 

Abstract: 
The need for improved understanding of thawing permafrost behaviour is increasing due to demand for 
infrastructure adaptation to climate change, anthropogenic impacts, and population growth. Permafrost regions in 
Canada are important socio-economic zones that host communities, linear infrastructure, industrial and energy 
sectors, and tourism (Government of Canada, 2015). The Intergovernmental Panel on Climate Change advises 
that climate change is negatively impacting permafrost regions as the mean ground temperature has increased 
over the past several decades. Thawing permafrost leads to reduced ground strength (Buteau et al., 2010), thaw 
settlement (Hong et al., 2014), ground instability (Daanen et al., 2012), frozen ground creep (Aldaeef & Rayhani, 
2017), increased runoff and flooding (Zheng et al., 2019), and undesirable impacts on socio-economic aspects of 
communities and the environment (Harris, 2010).  

Hazard assessment in permafrost regions requires an advanced understanding of how environmental conditions 
influence and change the engineering properties of frozen ground (Arenson et al., 2015). The complexity of 
designing and maintaining sustainable infrastructure in permafrost for the future arises from a limited 
understanding of how climate change affects soil properties as thawing occurs. We review the literature and state-
of-practice for geotechnical characterization in the Arctic including consideration of climate change effects on 
environmental variables. The review consists of three main components: 1) review of current climate models 
including methods for stochastic generation of forward-looking synthetic data, 2) geotechnical models for changes 
to soil properties resulting from changes to climate and ground temperature profile, 3) state-of-practice for 
incorporating climate impacts into geotechnical design and analysis to assist in developing mitigation and 
adaptation solutions. We conclude by synthesizing information from the literature on climate change models and 
their influence on geotechnical properties, to suggest key areas of focus for future research and improvement to 
design practices for sustainable and resilient infrastructure. 
 
 

 

EXPLORING SOLUTIONS TOWARDS GREEN INFRASTRUCTURE WITH 
REINFORCEMENT SYSTEMS 

Isabel Perez   

Product Manager, Terrafix Geosynthetics Inc. 

Abstract: 
Geogrids and Geocomposites (geotextile and geogrids) are one of the most versatile geosynthetics in 
civil/geotechnical engineering applications. They are used on ground applications such as roadways, railways, 
airfields, crane pads, working platforms, construction access, and some other critical ground improvement 
techniques.   

In Ontario, an estimated 25 million cubic meters of excess soil is generated each year; therefore, as a part of the 
green infrastructure benefits Geogrids can help address the soft subgrade issues which avoids/reduces excavation 
& disposal and Improve sustainability and financial benefits for most projects.  

This presentation will provide a review of the basic functions of geogrids and the corresponding design criteria that 
are most critical to consider for those specific requirements.  In addition, a discussion of the various classes of 
projects that will benefit Soils Management from use of geosystems.   

A sample of local case studies utilizing diverse applications will be presented to demonstrate the most used and 
recommended practices.  
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HYDROGEOLOGICAL ENGINEERING FOR 

URBAN EXCAVATIONS IN TORONTO 

Ylena Quan 

Associate, Grounded Engineering Inc. 

Abstract: 
Hydrogeological engineering in an urban environment, such as in the City of Toronto, is often burdened by external 
factors which significantly influence the local groundwater regime. Adjacent infrastructure, below-grade structures 
and utilities, and active construction should be accounted for in the design of excavations and groundwater 
dewatering systems. An estimate of daily groundwater seepage volumes into excavations and in the long-term 
building foundation system is critical for various design components across numerous disciplines. Accuracy is 
crucial, as both over- and under-estimation of seepage volumes have the potential to impact project design, cost, 
and regulatory approvals.    

The current standard of practice in urban settings involves the use of equation-based methods to determine aquifer 
properties, production, and, ultimately, groundwater seepage estimates. These equations are highly simplified and 
ignore site-specific conditions such as stratigraphy with varying permeabilities, excavation geometries, and known 
boundary conditions. No closed-form solution accounts for all this, though more sophisticated tools are available 
to better predict groundwater behavior and quantity.  

We can make realistic assumptions regarding site-specific properties via the inputs of two-dimensional Finite 
Element Modelling, including hydraulic conductivities of various soil types, unconfined and confined aquifers, and 
shoring methodologies such as concrete caisson walls in construction and post-construction scenarios. Finite 
Element Analysis is a numerical method that divides the subsurface into discrete elements. It is an iterative process 
that uses known boundary conditions and material parameters to converge, generating a steady-state groundwater 
model. More sophisticated inputs allow for a more accurate determination of dewatering-induced impacts like the 
shape and lateral extent of the cone of depression and settlement in soils adjacent to the excavation. The primary 
aim of utilizing FEM methods is to produce practical estimates that assist in risk mitigation and enhance project 
efficiencies. 
 
 

 

WINNIPEG FOUNDATION ROUND-UP AND HELICAL PILE STUDY PRELIMINARY 
FINDINGS 

Jenna Roadley  

M.Sc. Candidate, University of Manitoba  

Geotechnical Engineer, Government of Manitoba 

Abstract: 
This poster presents the state of commercial foundation practices in the context of a local research endeavor to 
determine the suitability of helical piles for use in Winnipeg, Manitoba and the surrounding areas. The current state 
of practice for end-bearing piles typically used to support moderately to heavily-loaded structures consists of driven 
pre-cast, pre-stressed, concrete hexagonal (PPCH) piles, driven steel piles, and cast-in-place concrete (CIPC) 
caissons. In Winnipeg, the stratigraphy generally consists of glaciolacustrine soils overlying till deposits and 
dolomitic limestone bedrock. Generally, end-bearing piles in the Winnipeg area are seated in glacial till or limestone 
bedrock. Helical piles have been used in Manitoba for varied applications, though most commonly they have been 
utilized for the stabilization of transmission towers and other uplift resistance-based functions. Recently, helical 
piles have been used in other more specialized purposes to replace or complement traditional foundation styles. 
Design approaches for helical piles vary and have not been validated or adjusted for local conditions. The local 
contractor is undertaking a load testing program to determine the suitability of helical piles as a foundation 
alternative and to verify traditional design approaches for use in the Winnipeg area. This program is currently 
underway; the program objectives, preliminary findings, and next steps will be discussed. 
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A REVIEW OF DESIGN AND ADAPTATION OF 

EMBANKMENT INFRASTRUCTURE BUILT ON 

PERMAFROST UNDER A CHANGING CLIMATE 

Khatereh Roghangar   

Ph.D. Candidate, University of Calgary 

Abstract: 
Arctic regions are sensitive to global warming trends, where increasing climatic temperatures and alterations in 
weather impact permafrost stability and place both existing and future infrastructure at risk. Permafrost thaw 
impacts industrial and residential infrastructure from unacceptable settlement to complete failure, where linear 
infrastructure is susceptible to damage. This paper summarizes the current knowledge about adapting and 
designing infrastructure built on permafrost, with a focus on railway embankments. First, a review of permafrost 
degradation effects on infrastructure and some examples are presented. Secondly, the state-of-the-art reliability 
analysis in permafrost regions is summarized, emphasizing railway embankments design and maintenance. 
Finally, the gaps in current knowledge on reliability analysis of embankment infrastructure in permafrost regions 
are noted, and suggestions for future research ideas are presented. 
 
 
 
 
 
 
 
 

 

LESSONS LEARNED FROM GEOHAZARD EARLY WARNING SYSTEMS 
FORECASTING IN BRITISH COLUMBIA AND NORWAY 

Christy Rouault   

Geological Engineer, BGC Engineering Inc. 

Abstract: 
Geohazard early warning systems (EWSs) are widely used across the world to decrease the consequences of a 
hazard. They differ based on hazard, scale, audience, funding, ownership, and communication mechanism and 
technique. Geohazard practitioners contribute mainly to characterizing geohazard location, trigger, and likelihood 
of occurrence. In the context of rainfall and snowmelt triggered shallow landslides and floods, an EWS is largely 
based on weather forecasting and regionally developed thresholds, and therefore carries a degree of uncertainty. 
The target audience ranges from public consumption to emergency management professionals, with varying 
degrees of geohazard knowledge. A challenge in any EWS is clear communication of the hazard likelihood, 
severity, and associated uncertainty, to all targeted audiences. The combination of accuracy in geohazard 
forecasting and clear communication lead to trust building with the geohazard practitioner and target audience, 
resulting in a high performance EWS.   

We compare two EWSs: 1) a flood forecasting system developed by a private consultant during an emergency 
weather event in British Columbia, Canada in 2021, and 2) a robust, publicly funded run flood, landslide, and 
avalanche early warning system in Norway, operating since 2013 (Krøgli, et al., 2018). From these studies it is 
observed that an EWS that successfully decreases hazard consequence relies on a holistic approach to warnings, 
where geohazard forecasting and geohazard communication are equally cared for. The learnings on what 
geohazard practitioners should incorporate into their hazard EWS design are shared. 
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STUDYING THE EFFECT OF ROUGHNESS-

BASED FILTERING ON STRUCTURAL GEOLOGY 

ANALYSIS AND JRC MEASUREMENTS FROM 

LIDAR MAPPING 

Niloufarsadat Sadeghi, École de Technologie Supérieure 

Abstract: 
Remote sensing technologies have become prevalent in the fields of geosciences and geo-engineering 
applications. Continuous improvements in data processing and automation have greatly broadened capabilities 
around feature recognition and overall geomechanical characterization. Point cloud data sets collected from rock 
faces require engineered processing techniques to filter noise and extract relevant information. Besides, in 
structural and geomechanical characterization, it is often necessary to filter unwanted occlusions such as 
vegetation or rock and soil debris.   

The present work describes a systematic processing workflow to filter data sets using roughness measurements 
computed from topographical data. A recursive scale-dependent analysis is implemented to derive characteristic 
roughness parameters for measured surfaces. The scale-dependent trends are applied as a filtering threshold for 
noise and inadequate surface spans. Special considerations are given to measurement parameters part of the 
processing workflow. Recommendations are made for systematic parameter testing to ensure optimal results.  

The proposed methodology is demonstrated through practical applications with structural mapping and joint 
roughness measurements. A large rock outcrop surveyed from a limestone quarry South of Montreal was analysed 
for the purpose of this study. Normal-based structural mapping was carried on the raw data sets as the unfiltered 
baseline. The structural analysis obtained from the filtered surface is then obtained and compared with the 
baseline. Geomechanical characterization is performed by measuring the joint roughness coefficient (JRC). In this 
work, JRC is measured from recursive scale-dependent roughness measurements following the fractal-based 
geomechanics theory. JRC measurements are obtained from the raw and filtered data sets to contrast the results. 
Observed differences between filtered and raw data processing are discussed in terms of practical implications 
towards engineering practices. A discussion is given around the viability and limitations of roughness-based 
filtering. Special considerations are mentioned in regard to the selection of a viable roughness threshold based on 
the application and scale considered. 
 

 

KEY INSIGHTS IN THE COMPLEX NATURE OF CLAY SHALE BEHAVIOR – 
LINKING THE FIELD TO THE LAB 

Susan Sarmiento 

Geotechnical EIT, Stantec Consulting Ltd. 

Abstract: 
Knowledge of clay shale behavior and characteristics is of appreciable interest in the geotechnical industry. Clay-
shale is a term used to describe clayey materials undergoing lithification, and that lies under the world of hard 
soils-soft rocks where the geotechnical response can be described by soil mechanics, rock mechanics, or neither. 
Furthermore, Clay-shale exhibits a high anisotropy where the geotechnical properties are direction-dependent and 
the difference in elastic and strength properties from one direction to the other can be as high as 80%. Therefore, 
understanding the geotechnical behavior of the material and its interaction with the project objectives and 
structures is crucial to managing the project's risk. The interaction of the loads' direction and the anisotropy of the 
material can result in complex behavior that requires an understanding of the problem and proper characterization.    

In this work, I present the importance of understanding the main properties of clay shales such as anisotropy, 
heterogeneity, fissility, swelling, and softening behavior and the importance of linking field investigations, laboratory 
testing, geotechnical characterization and design. Clay-shale characterization usually involves laboratory 
procedures to estimate volumetric and shear strength properties. It will be explained how these experimental tests 
should be selected and performed using representative field conditions of the material and problem being 
investigated to attain good quality results and reduce uncertainties.  
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THE CONSTRUCTION OF GROUND 

IMPROVEMENT FOR DAM STABILITY 

Will Smith 

Geotechnical Engineer, BGC Engineering Inc. 

Abstract: 
The Out-of-Pit Tailings Area (OPTA) is an external tailings facility at the Fort Hills Mine north of Fort McMurray, 
Alberta. OPTA covers a footprint of approximately 16 km2 and consists of six containment dykes, which impound 
a mix of tailings and process-affected water generated by oil sands mining and bitumen extraction. The Northwest 
Dyke provides containment in the northwest corner of OPTA, and is an upstream tailings sand dyke with a design 
height of around 60 m, constructed hydraulically over an overburden waste dump termed Zone 3W. A 
comprehensive field investigation of Zone 3W following one to two lifts of tailings placement indicated wetter 
conditions and weaker strength than originally assumed. This led to several modifications to the original dyke 
design to improve stability without adding a toe berm, which would significantly impact infrastructure downstream 
of the dyke toe. 

One of the modifications was ground improvement of Zone 3W by Deep Soil Mixing (DSM), which involves mixing 
the in-situ soil with cementitious material to improve the ground engineering properties. DSM was employed on 
the Northwest Dyke by installing 981 DSM soil-cement columns tangentially down to 20 m depth through the entire 
thickness of Zone 3W, and keying into underlying competent material, to form north-south oriented ribs with an 
area replacement ratio of 50% and a target undrained compressive strength of 1.2 MPa. Ribs were separated by 
untreated Zone 3W to permit drainage through the ground improvement zone. This presentation and poster will 
discuss on site quality control and assurance over 3 months of construction, comprising the review of DSM 
installation parameters recorded by a rig computer, grout testing, wet grab sampling, verification coring and 
unconfined compression strength testing to verify the mix quality and that the target strength had been achieved. 
 

 

SITE INVESTIGATION TO ESTIMATE EMBANKMENT SETTLEMENT OF THE DALY 
OVERPASS IN BRANDON, MB 

Robyn Starycki 

Geotechnical Engineering Intern, TREK Geotechnical Inc. 

Abstract: 
The Daly overpass serves as a major route through the city of Brandon, Manitoba and no longer meets traffic 
volume requirements. The construction of a new structure will widen the corridor and allow for increased traffic 
volumes in the future. The new design includes constructing a two-span bridge over the CP Railway and Pacific 
Avenue, a single span bridge over McDonald/Stickney Avenue, and will also feature a separate two-span 
pedestrian bridge over the CP Railway and Pacific Avenue. The new structure is to consist of four approach 
embankments which include three MSE walls reaching heights of 7 m to 11 m.  

A preliminary site investigation found that the soil stratigraphy consists of 0.5 to 1.8 m of fill overlying approximately 
40 m of stiff native clay till interbedded with sand underlain by clay shale. A supplementary in-situ field testing 
program was completed in detailed design to aid in the selection of design parameters, particularly relative to 
quantifying the anticipated settlement of the clay till beneath the proposed embankments.    

E-logger data identified five different till layers beneath the site based on changes in resistivity. Within each till 
layer CPTu data was gathered to correlate with various soil parameters including undrained shear strength, pore 
water pressure and Poisson’s ratio. Pressuremeter testing was completed to estimate Young’s modulus and over 
consolidation ratio. The parameters gathered from the site investigation were used in a 2-dimensional linear elastic 
finite element deformation model to estimate the settlement profile of the foundation soils along the new Daly 
Overpass alignment. Settlement of the foundation soils beneath the abutments were estimated to reach 
magnitudes between 40 mm and 70 mm and expected to occur almost immediately or within a few months of fill 
placement. Driven piles were to be placed prior to embankment fill, these estimates were important in analyzing 
pile downdrag. These estimates will be checked against further data collected on site over a 1-year period during 
the construction of the new overpass.  
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ESTIMATING HYDRAULIC CONDUCTIVITY 

USING PACKER TESTING METHODS 

Joshua Taningco 

Junior Geological Engineer-In-Training, Terrane Geoscience Inc. 

Abstract: 
Determining the hydraulic conductivity of rock formations is an integral part of geotechnical or environmental 
investigations for applications such as dewatering, groundwater control and contaminant transport.  One method 
for estimating the hydraulic conductivity of rock formations is the packer test. This is an in-situ test where bladders, 
or packers, are used to isolate a section of a borehole. Water is pumped into this section at variable pressures and 
the measured flow rates, typically in L/min, are used to calculate hydraulic conductivity. There are two common 
types of packer equipment; nitrogen packers and water packers. These use different methods to inflate the 
bladders and each has its own advantages and disadvantages.  

The more common nitrogen packer uses nitrogen gas to inflate the bladders. These are commonly used in 
subsurface investigations at relatively shallow depths. The assembly is connected using tubing to a nitrogen tank 
that provides the pressure needed to inflate the bladders.  

Water packers are less common and are generally used for deeper boreholes. Water is pumped downhole and 
the bladders inflate to a pressure sufficient to seal the borehole. A shear pin within the assembly is designed to fail 
at a higher pressure to allow the bladder to fully inflate before shearing. Water then bypasses the inflated bladders 
into the testing interval.  

Both are useful tools to estimate hydraulic conductivity and the type needed will be determined by the scope of 
work. Factors, such as the depth of testing, borehole conditions, testing duration, fluid type (gas or liquid) and even 
fluid availability, can influence the type of packer equipment needed for a given application. Water packers have 
advantages in longer testing durations and the ability to overcome the hydrostatic pressure needed to inflate the 
bladders at depth. These also have the ability to conduct leak tests prior to testing. Nitrogen packers have the 
advantages of ease of use especially at shallow depths and at drill locations where there is no direct connection 
to water sources. 
 
 

 

CONSTRUCTION OF A SOIL-BENTONITE CUT-OFF WALL AT A POTASH MINE IN 
SOUTHERN SASKACTHEWAN 

Jobie Taylor 

Geotechnical Engineer-in-Training, SNC-Lavalin Group Inc. 

Abstract: 
Construction of a soil-bentonite cut-off wall is ongoing at a potash mine in Southern Saskatchewan. The purpose 
of the cut-off wall is to hydraulically separate the mine site from the surrounding groundwater resources by 
intersecting preferential groundwater pathways with a passive barrier keyed into an “impermeable” formation. In 
doing so, the potential impacts of mining operations on groundwater resources in the surrounding area may be 
mitigated. Installation depths of the cut-off wall range between 20 and 46 m, with the 0.9-metre-wide vertical 
excavation completed under bentonite slurry. Soils removed during excavation of the cut-off wall are mixed with 
bentonite slurry to form a homogeneous soil-bentonite backfill mixture. The backfill mixture is returned to the trench 
following excavation to key depth and forms the passive barrier keyed into an “impermeable” formation.   

Design of the soil-bentonite cut-off wall included a large-scale drilling and laboratory testing program to identify the 
geotechnical and hydrogeological properties of the subsurface materials on the cut-off wall alignment. Information 
obtained from these programs was utilized for the design of the cut-off wall. On-site testing including verification 
of the key material, stability of the bentonite slurry, and consistency of the soil-bentonite backfill has been 
completed during construction to ensure the integrity of the cut-off wall installation.  
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SET-UP TIME EFFECTS ON PILE CAPACITY 

FOR DRIVEN STEEL PILES BASED ON HIGH 

STRAIN DYNAMIC TESTING 

Nicole Thiemann  

Geotechnical Engineer-In-Training, P. Machibroda Engineering Ltd.  

Abstract: 
High strain dynamic pile load testing using a pile driving analyzer (PDA) is a form of non-destructive testing that 
can be utilized to determine ultimate pile capacity post installation. Testing typically falls within two categories: end 
of initial driving (EOID) and the beginning of restrike (BOR). Conducting both EOID and BOR testing allows for the 
evaluation of pile capacities as well as the potential increase (set-up) in capacity. Set-up effects vary with the 
duration of time between installation date and restrike testing date and typically increase with length of time; a 
minimum of three days before restrike testing is typically recommended. The pile capacity, and any potential 
increase, is also affected by subsurface soil conditions, pile embedment depth below ground surface, pile type and 
pile size.  

To evaluate the effects of time on the set-up of a pile, data has been compiled from various sites where PDA data 
included both EOID and BOR testing. The PDA data provides an ultimate capacity for each tested pile, which is 
typically separated into shaft resistance and end bearing resistance. To account for the additional factors listed 
above, a general soil profile was obtained through geotechnical investigations which had been conducted at the 
sites and the pile embedment, type and size were recorded at the time of PDA testing. A general trend of pile set-
up can be observed with respect to time for the piles reviewed, however, results are limited to specific site 
conditions present at the pile location and the tested pile type and size. 
 
 

 

IMPLEMENTATION OF ALTERNATIVE SEEPAGE CUTOFF TECHNIQUES TO 
IMPROVE CONSTRUCTABILITY AND REDUCE CONTRACTOR SAFETY RISKS 
FOR CONSTRUCTION OF AN EARTHEN DAM 

Sydney Urwin 

Geotechnical Engineer-in-Training, Stantec Consulting Ltd. 

Abstract: 
In July 2020, the Neepawa Park Lake Dam in Manitoba experienced high flood waters resulting in a dam breach 
and complete release of the reservoir. Stantec was retained to initially complete the preliminary design to 
reconstruct the dam and spillway. Based on the initial geotechnical assessment and preliminary design analysis, 
a traditional clay core with a 5 m width was proposed to act as the seepage cutoff for the dam and would extend 
approximately 3 to 4 m below the existing ground surface. During the detailed design, Stantec completed a 
comprehensive site investigation consisting of additional boreholes along the proposed dam alignment and 
collection of vibrating wire piezometer data.   

The additional data raised concerns for the constructability of the clay core due to a thick sand and gravel layer 
and a high groundwater level. Due to concerns with the overall size of the required excavations and contractor 
safety risks associated with shoring and dewatering, alternative seepage cutoff options were explored. A steel 
sheet pile wall was not considered feasible due to estimated costs and anticipated difficult driving conditions; 
therefore, an alternative solution, mass soil mixing, was considered. This option was a new method for Stantec’s 
geotechnical team in Winnipeg, however after communication with specialized contractors with a history of 
successful mass soil mixing and review of the installation method and its advantages, it was determined that mass 
soil mixing would be the most advantageous seepage cutoff alternative. The construction of the Neepawa Park 
Lake Dam is scheduled to begin in late August 2022. Additional updates on the seepage cutoff construction and 
discussion on how the implementation of alternative seepage cutoff techniques actually improved the 
constructability and reduced contractor safety risks will be provided.  
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MACHINE LEARNING IN IN-SITU TESTING 

Max Ng 

Operations Manager, Mud Bay Drilling  

Abstract: 
Geotechnical engineering frequently uses empirical relationships to estimate soil parameters. The availability of 
large in-situ testing databases provide an opportunity for site-specific models for better site characterization 
using Machine Learning (ML) techniques. Specifically on large scale projects with comprehensive site 
investigation programs including both CPT and sampling, geotechnical analysis can be improved with more 
accurate in-situ predictions of soil properties. While various amounts and types of drilling and sampling on 
projects may always be required, ML-based CPT models can add more accurate meaning to in-situ test profiles 
while providing a rapid, repeatable alternative; potentially reducing both the project’s exposure to risk and the 
site investigation’s schedule and cost. 
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